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Studies by Schlossman et al. using haptens conjugated to lysine oligopeptides 
have demonstrated that the length of the lysine chain is critical for the hapten- 
oligopeptide  conjugate  to  function  as  an  immunogen,  i.e.,  induces  antibody 
formation and delayed hypersensitivity in the injected animal (1). Precisely the 
same chemical characteristics of the antigen are necessary to elicit or desensitize 
to  the  delayed  skin  reaction  (2,  3)  or  to  provoke  the  anamnestic  response.  1 
DNP (dinitrophenyl) oligolysines (with chain lengths of less than seven lysines), 
which are themselves unable to act as immunogens, are still capable of eliciting 
immediate reactions in vivo and of reacting with  antibody in vitro  (4). These 
smaller DNP lysines cannot, however, elicit delayed hypersensitivity reactions 
in vivo,  nor can they provoke the  anamnestic  response.  It was of interest  to 
determine how these antigens would behave in an in vitro system, the inhibition 
of  peritoneal  exudate  cell  migration  by  antigen,  which  had  previously  been 
shown to correlate with delayed or cellular hypersensitivity  (5, 6). This system 
has  an  advantage  over  certain  in  vivo assays  in  that  cells  from  guinea  pigs 
exhibiting delayed hypersensitivity will be inhibited by specific antigen whether 
or not the animal is also producing antibody, and concomitant antibody produc- 
tion in the animal does not interfere with interpretation of the cellular reaction. 
Materials and Methods 
Antigens.--Poly-~, N-benzyloxycarbonyl-L-lysine with  an  average  chain  length  of  18 
(fi =  18) was prepared as previously outlined (1). The blocked polymer was dinitrophenylated, 
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purified, deblocked, and the yellow water-soluble product, oe, DNP(Lys)~,  was purified and 
resolved into its individual a, DNP-oligolysine peptide components by carboxymethyl cellu- 
lose chromatography  (1,  4).  The following monohaptenic derivatives of oligo-L-lysine were 
prepared as previously described (1, 4,  7): oe, DNP(Lys)8, a, DNP(Lys)4, a,  DNP(Lys)6,  oe, 
DNP(Lys)7,  a,  DNP(Lys)s,  and a,  DNP(Lys)9; a,  DNP-L(Lys)4-D-lysine-L(Lys)J a  D-ly- 
sine containing stereoisomer of a,  DNP-nona-L-lysine.  (Lys)9-e,  DNP,  a  nona-L-lysine with 
a  single DNP group on the epsilon amino position of the C-terminal lysyl residue, was iso- 
lated from  (Lys)~-e,  DNP  by  the  chromatographic methods  previously  described  (1,  4). 
(Lys)i~-e, DNP was prepared by ¥eda (Rehovoth, Israel) by polymerization of e, N-benzyl- 
oxycarbonyl, a, N-carboxyl-L-lysine anhydride using e, N-DNP-L-lysine benzyl ester as the 
initiator of the polymerization reaction. 
Spectrophotometry.--A  Gilford spectrophotometer with silica cells of  1 cm light path was 
used for all spectrophotometric determinations. The a, DNP-lysine content of the peptides 
was determined in 0.1 M sodium phosphate-saline buffer, pH 7.0, at 3600 A  (E3600 A, 16,800). 
The e,  DNP-lysine content of (Lys)9-e,  DNP was similarly determined (E3800 A,  17,400). 
Sensitization.--Hartley  guinea  pigs  weighing  approximately  400-500  g  were  sensitized 
with 250 #g of a, DNP(Lys)I~ in complete Freund's adjuvant (Difco, H37Ra). 0.1 ml of the 
saline-adjuvant emulsion was injected into each of the four footpads. 
Skin  Test.--9-11  days  after immunization, skin  tests were performed  with  10 #g  of a, 
DNP(Lys)~ in 0.1 ml of buffered saline solution. The test sites were observed at 3-6 hr and 
at 24 hr and the extent of induration and erythema was measured. Approximately 70% of the 
animals responded with delayed skin reactions (24 hr) between 13 and 20  mm in diameter. 
Only those guinea pigs with positive skin reactions  were used for cellular sensitivity assay. 
Assay for Cdlular Sensitlvity.--Peritoneal  exudate cells from normal and sensitized guinea 
pigs were induced by oil and collected as previously described  (6).  (Unsiliconized glassware 
was used throughout, as it was found that the assay worked just as well with such glassware.) 
The cells were washed in balanced salt solution and suspended to  10% by volume in tissue 
culture media consisting of MEM 3 with 15% normal guinea pig sera, 85 units of penicillin, 
and 85 #g of streptomycin/ml.  Capillary tubes were filled with the cell suspension, sealed 
with wax, and centrifuged. The tubes were cut and the portion containing the cells placed in 
Mackaness-type chambers,  4 two per chamber. Cells from each animal were assayed as follows: 
two chambers for each of the antigens tested at each concentration and two chambers with 
media with no antigens. The antigen concentration ranged from 0.04-40 #g. In most experi- 
ments, 10-40 #g were used. 
The chambers were incubated during 18 hr at 37°C  and the area of migration was meas- 
ured by planimetry as described previously"  (6).  In calculating the data from  these experi- 
ments, the following formula was used: 
Average migration with antigen 
X  100  =  %  migration 
Average migration with no antigen 
RESULTS 
Effect  of a,  DNP  Oligolysines  on  Normal  Cells.--Cells  from  normal  guinea 
pigs were used concurrently with sensitized cells.  It can be seen from Tables I, 
and IiI  that a,  DNP(Lys)6,  a,  DNP(Lys)~,  a,  DNP(Lys)s,  a,  DNP(Lys)9,  oz, 
2 Hereafter referred to as ce, DNP-LtDL4. 
a Minimal essential media,  Eagle  12-125 (Microbiological Associates, Bethesda, Md.). 
4 The Mackaness-type chambers were manufactured  to  order  by Berton Plastics,  South 
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DNP-LDL4,  and  (Lys)9-e, DNP  did  not  inhibit  the migration of peritoneal 
exudate cells obtained from control animals. 
The Importance of the Length and Character  of the Peptide to Inhibit Migra- 
t/on.--Peritoneal exudate ceils from guinea pigs sensitized with a, DNP(Lys)i~ 
were consistently inhibited in the presence of 10-40 pg of a, DNP(Lys)9, (see 
Tables II and III). Cells from 21 of 25 animals assayed were significantly inhib- 
ited, and the average migration of the 25 animals in a, DNP(Lys)9 was 66%, 
significant at P  =  <0.001.  In marked contrast,  a, DNP(Lys)~ inhibited  the 
migration of cells from only one of the 25 sensitized guinea pigs tested, and the 
TABLE I 
The Effect of DNP Oligopeptides on the Migration of Peritoneal Exudate Cells from Control 
Guinea Pigs 
Animal  aDNP(Lys)s 
93* 
90 
97 
110 
90 
93 
94 
L13 
95 
tO8 
98 
95 
aDNP(Lys)7 
m 
m 
1 
96 
94 
98 
108 
98 
aDNP~)s 
9O 
111 
95 
87 
105 
aDNP(Lys)g 
82 
101 
97 
97 
105 
98 
84 
111 
103 
123 
104 
100 
aDNP-L~DL~ 
95 
107 
100 
98 
105 
110 
84 
1 
(Lys) 9-¢-DNP 
m 
98 
i00 
98 
111 
115 
Antigen per 
ml of  tissue 
culture 
~,e/mz 
i0 
10 
20 
20 
40 
40 
40 
40 
40 
40 
40 
40 
* Per cent migration. 
average migration of the cells tested in c~, DNP(Lys)6 was 100% i.e., no inhibi- 
tion. Cells from 2 of 14 guinea pigs were inhibited by c~, DNP(Lys)n but the 
average migration of the 14 was 92 % which is not statistically significant. How- 
ever, over half of the cells tested with a, DNP(Lys), were significantly inhibited 
by this oligopeptide, and the average migration of 15 tested was 79% which is 
significant  with  P  =  <0.01.  These  results  demonstrate  clearly  that  a, 
DNP(Lys)s and c~, DNP(Lys)9 can inhibit peritoneal exudate cells from sensi- 
tized animals, a,  DNP(Lys)v is weakly inhibitory,  and a, DNP(Lys)s is not 
inhibitory. In initial studies, a, DNP(Lys), and ~x, DNP(Lys)4 were assayed on 
one and four sensitized animals respectively. These oligopeptides appeared to 
cause nonspecificinhibition of migration of control cells and were not used further 
in the study. It was not determined whether the toxicity was related to the size 
of the antigen or a result of some extraneous factor in the particular preparation 1454  SPECIFICITY OF CELLI/LAR HYPERSENSITIVITY 
employed. However, despite this base line nonspecific effect by the trimer and 
tetramer on normal cells, no greater inhibition  of migration was observed when 
cells from five sensitized guinea pigs were assayed with these antigens. 
Further Studies on the Specificity.--It was of interest to determine whether the 
cells which  were  inhibited by a,  DNP(Lys)9 would  also be  inhibited by a, 
TABLE II 
The Effect o/DNP Oligolysines on the Migration of Peritoneal Exudate Calls  from Guinea Pigs 
Sensitized to or, DNP(Lys)~ 
Animal  a,DNP (Lys)¢ a,DNP(Lys)~ 
1  113"  -- 
2  101  -- 
3  98  -- 
4  104  -- 
5  106  -- 
6  105  -- 
7  94  -- 
8  93  -- 
9  76  -- 
10  95  103 
11  102  98 
12  100  113 
13  95  95 
14  102  99 
15  94  94 
16  96  86 
17  107  118 
18  99  96 
19  111  59 
2O  105  81 
21  100  68 
22  105  90 
23  99  93 
24  109 
25  101 
a, DNP(Lys)  8 
83 
64 
75 
100 
89 
75 
92 
98 
121 
82 
42 
66 
75 
76 
57 
a,DNP(Lys)9 
67 
49 
47 
69 
96 
66 
69 
83 
6O 
61 
45 
55 
95 
76 
78 
74 
109 
75 
35 
49 
59 
65 
48 
58 
65 
~DNP-L4D~ 
101 
88 
126 
108 
98 
102 
90 
97 
104 
93 
108 
114 
(Lys)~-e,  DNP 
m 
m 
106 
99 
98 
112 
106 
pg/ml 
10 
10 
10 
10 
20 
20 
20 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
* Per cent migration. 
DNP-L4DL. The latter hapten-peptide nonamer is not an immunogen  and does 
not elicit delayed hypersensitivity in vivo in animals sensitized to  the  all-L- 
stereoisomer, but can elicit an Arthus reaction in such sensitized animals and 
readily reacts with preformed antibody in vitro (7). As can be seen in Tables II 
and nI, a, DNP-L4DL4 did not inhibit cells from 12 animals, the average migra- 
tion being  102%.  In  contrast,  a,  DNP(Lys)9  (consisting of  nine L-lysines) 
inhibited cells from 10 of the 12 animals tested. This demonstrated clearly that 
the presence of a certain number of L-lysines is necessary for the oligopeptide to JOHN  R.  DAVID AND  STUART  F. SCHLOSSMAN  1455 
effect inhibition  of migration.  (This  size requirement  is not necessary for re- 
action with circulating antibody.) 
Additional  studies were carried out with  (Lys)0-e, DNP. This hapten-oligo- 
peptide is a good immunogen and can elicit delayed hypersensitivity in guinea 
TABLE III 
Summary 
Test material 
a, DNP(Lys), 
a, DNP(Lys)~ 
¢x, DNP(Lys)s 
a, DNP(Lys)o 
~DNP-L4DL4 
(Lys)9-~, DNP 
Sensitized  guinea pigs 
No. ~  anlmah*  Migrafion~ 
% 
1/25  100 
2/14  92 
8115  79t 
21/25  66l[ 
0/12  102 
0/5  lO4 
Normal guinea pigs 
No.  Animals*  Migration~ 
% 
0/12  98 
0/5  99 
0/5  98 
0/12  100 
o/7  lOO 
o/5  lO4 
* No. of animals whose cells were inhibited from migration by antigen among total ani- 
mals tested with that antigen. 
Average per cent migration of all animals tested with particular antigen. 
§ P  =  <0.01. 
II P  --  <  o.0oi. 
TABLE IV 
The Effect of Varying Concentrations of or, DNP(Lys)6 and or, DNP(Lys)g on the Migration of 
Peritoneal Exndate Cells 
Animah 
Normal i 
Normal j 
Sensitized 24 
Sensitized 19 
Sensitized 25 
Sensitized 18 
a,DNP(Lys)e 
4 
95  100 
108 
109  113 
111 
101  101 
99 
40 
~g 
103 
123 
58 
35 
65 
75 
a,  DNP(Lys)D 
4  O.4 
a&  ag 
97  94 
113 
68  99 
47 
87  91 
89 
0.04 
Pg 
91 
124 
98 
pigs when it is the sensitizing antigen. However, it does not elicit delayed hyper- 
sensitivity reactions in animals sensitized to c~,  DNP(Lys)9,  although  it  will 
readily interact with antibody from a guinea pig sensitized with a, DNP(Lys)9 
(8). It can be seen from Tables II and III that (Lys)9-e, DNP  did not inhibit 
cells from guinea pigs sensitized with a, DNP(Lys)i~. 
A  number of experiments were carried out using varying antigen  concentra- 
tions. The results of these are shown in Table IV. It can be seen that, in two of 1456  SPECIFICITY  0]~ CELLULAR  HYPERSENSITMTY 
the four animals tested, 4 #g of a, DNP(Lys)9 inhibited cell migration when 10 
times as much a, DNP(Lys)8 had no effect. The cells from guinea pig 19 were 
not tested in less than 4 #g, but the marked inhibition at this concentration 
suggests  that lower concentrations  also would have been inhibitory. 
DISCUSSION 
The results of the studies presented here demonstrate that sensitized cells can 
discriminate  between  various DNP oligolysines with an exquisite  sensitivity. 
The in vitro migration of peritoneal  exudate ceils from guinea pigs sensitized 
with a, DNP(Lys)i~ was inhibited in 84% of the animals tested with a, DNP- 
(Lys)9 and in over half the animals with a, DNP(Lys)s. Both DNP oligolysines 
are immunogenic and capable of eliciting delayed hypersensitivity  in vivo (1, 2, 
4). In contrast, a, DNP(Lys)6 was not inhibitory to sensitized peritoneal exu- 
date cells; this hexamer is not an immunogen, elicits neither delayed hypersen- 
sitivity nor anamnestic antibody responses in vivo, but will readily react with 
preformed  antibody. The borderline  in vitro activity of a,DNP(Lys)r in the 
present experiments  has also been observed during in vivo studies on Hartley 
guinea pigs (2, 4). 
Further delineation  of  the  structural requirement of hapten-oligopeptides 
necessary for the in vitro reaction was accomplished with a, DNP-L4DL4 and 
(Lys)9-e, DNP; neither of these hapten-oligopeptides  inhibited the migration 
of peritoneal  exudate cells obtained from guinea pigs sensitized with a,DNP- 
(Lys)is.  The former  nonamer is not immunogenic  and cannot elicit delayed 
hypersensitivity in vivo presumably due to the I~-lysine  substituent in the mid- 
dle of the chain. The latter nonamer is an immunogen but did not react with 
cells sensitized  to a,DNP(Lys)i~ since the DNP  was attached to the epsilon 
amino group of the C-terminal lysyl residue, thus altering the relationship  of 
the hapten with the carrier oligopeptide. Although both these DNP nonamers 
did not react with cells from guinea pigs  sensitized  to a,DNP(Lys)~, they 
react well, on the basis of a common immunodominant haptenic group, with 
antihapten antibody produced by these animals. 
The inhibition  of migration of peritoneal  exudate cells by specific antigen is 
the result of a complex reaction. Previous studies have shown that the lympho- 
cytes  in the exudate population are the specifically  sensitive cells (9,10,12). When 
these lymphocytes are stimulated by specific antigen,  they produce  a soluble 
material which  inhibits the migration of normal macrophages  (11, 12). The 
initial reaction appears  to be between the antigen and the sensitized lympho- 
cyte. The possibility that antigen must be processed by another cell prior to its 
interaction with the sensitized lymphocyte has not been ruled out in this sys- 
tem. Nevertheless,  these studies can best be interpreted as demonstrating the 
presence of a highly specific cell receptor  for  antigen presumably on the sen- 
sitized lymphocytes. ~OIIN R. DAVID AND  STUART ]~. SCIILOSSMAN  1457 
Recent studies on the immunochemical specificity of antigen  induced thy- 
rnidine  2-14C incorporation  of lymph  node  cells  obtained  from  guinea  pigs 
sensitized  to ¢x,DNP(Lys)9 and cz,DNP(Lys)n_15 have demonstrated that only 
immunogenic  members  of  the  homologous  series  of c~,DNP(Lys)n  peptides 
provoked the incorporation of thymidine into sensitive lymph node cells (13). 
Despite the use of as much as 1000-fold molar excess of nonimmunogenlc as 
compared to immunogenlc peptides,  nonimmunogenic  peptides neither  stim- 
ulated these cells nor prevented stimulation by immunogenic  peptides. 
It appears  that  an a,DNP  oligolysine  must have a  critical number  of L- 
lysines in the chain to be immunogeuic in guinea pigs, to elicit or desensitize  to 
the delayed hypersensitivity reaction, or stimulate the anamnestic response in 
vivo. Precisely the same structure is required to provoke specifically sensitized 
lymphocytes to produce a macrophage inhibitory factor and cause lymphocytes 
to proliferate. All these phenomena have in common the interaction of antigen 
with cells, and it is clear  that this interaction displays a high degree of speci- 
ficity. 
It has been assumed by some that the receptors which allow cells to recognize 
antigens are cell-associated  antibodies. If such antibodies had properties similar 
to  secreted antibody,  nonlmmunogenic  DNP  oligolysines  as well as  epsilon 
DNP oligolysine should have reacted with them. It is possible that these hapten- 
oligolysines could attach to the cell receptor but not trigger it to initiate anti- 
body production, proliferate, or produce macrophage inhibitory factor. On the 
other hand,  it has previously been estimated that cqDNP(Lys)6 contributes 
approximately 91-95 % of the binding energy of larger  immunogenic a,DNP- 
lysines with  circulating  antibody (4).  Differences in binding  affinity of such 
cell-associated  antibodies do not  appear  to  satisfactorily  explain  the  all-or- 
none effect of these DNP  oligopeptides.  Further,  nonimmunogenic a,DNP- 
(Lys) 5  which reacts well with secreted antibody cannot inhibit the proliferation 
of sensitized  cells  by larger  immunogenic  c~,DNP  oligo-L-lysines. Were  the 
receptor a cell-associated  antibody with properties similar to secreted antibody, 
such inhibition would have been expected. 
It  would appear  that  the  antigen  receptor  mechanism  of sensitized  cells 
differs significantly  from the antibody-combining site. In addition, the finding 
that the induction of the immune response as well as the elicitation of estab- 
lished cellular  responses in vivo and in vitro have similar  antigen  specificity 
suggests that the receptors for antigen on the cells involved in these different 
reactions may be similar if not identical.  At present, however, the nature of the 
cellular  receptors is not known. 
SUMMARY 
The immunochemical  specificity  of antigen-induced inhibition  of peritoneal 
exudate cell  migration was studied in animals sensitized  to chemically defined 1458  SPECIFICITY  O~F  CELLULAR  HYPERSENSITIVITY 
a,DNP(Lys)i~ peptides. It was shown that sensitized peritoneal exudate cells 
could  discriminate  between  various  DNP-oligolysines.  Only  immunogenic 
members of the homologous series of a,DNP-L-lysines equal to or larger in 
size than the heptamer inhibited the migration of specifically sensitized per- 
itoneal  exudate  cells.  In  contrast,  nonimmunogenic a,DNP-L-lysines,  a  9- 
lysine containing stereoisomer of a,DNP L(Lys)9 (a,DNP-L4DL4) and (Lys)r 
~, DNP were not inhibitory to the migration of peritoneal exudate cells derived 
from animals immunized to a,DNP(Lys)ig. 
The exquisite specificity of the in vitro reaction of sensitized ceils with antigen 
contrasts with the previously observed in vivo or in vitro specificity of anti-c~,- 
DNP(Lys)~ antibody, but parallels the specificity of the in vivo delayed or 
anamnestic response. These results suggest the presence of a still undefined but 
highly specific binding site, which functions as the cellular receptor for antigen 
on the sensitized lymphoid cell or on some "processing" cell. 
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